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REFERENCE VOLTAGE GENERATING CIRCUIT 
USING ACTIVE RESISTANCE DEVICE 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

The present invention relates to a reference voltage generating circuit, and more 
particularly, to a reference voltage generating circuit employing passive resistance 
devices to secure operational reliability of the circuit and to reduce a layout area thereof. 

2. Description of the Related Arts 

As semiconductor devices are fabricated with more precise manufacturing 
processes, the thickness of insulating layers (e.g., Si0 2 , Si 3 N 4 , etc.) in metal oxide 
semiconductor (MOS) devices becomes more thin. The thinner the layer, the more it is 
prone to dielectric breakdown caused by the power supply voltage. For more reliable 
operation, a fixed internal power voltage is needed independent of a variable external 
power voltage. 

Reference voltage generating circuits generally employ semiconductor material 
layers, such as an intrinsic poly-silicon layer, an !Sr7P + active layer, an N" / F well layer, 
etc., as passive resistance devices. While resistance values of the resistance devices may 
be readily controlled using the intrinsic poly-silicon, it is an additional process to create 
an intrinsic poly-silicon layer. 



The N + /P + active layer used for a resistance device has disadvantages such that it 
is difficult to control a resistance value in the source/drain region of a MOS device, and it 
is also difficult to obtain a high resistance value due to heavy doping. 

A resistance device using the N7P" well layer may have a high resistance value. 
5 However, since the resistance value varies in a large range, it is difficult to control the 
resistance and to get a reliable resistance value and a layout area of the resistance device 
should be increased to get a suitable resistance value. 

Conventional reference voltage generating circuits using passive resistance 
devices will be explained with reference to Fig. 1 and Fig. 2. 
10 Fig. 1 illustrates a conventional threshold voltage type reference voltage 

generating circuit using a passive resistance device. In the reference voltage generating 
circuit, the MOS transistors Q2, Q3 are arranged to maintain a constant voltage near the 
threshold voltage of the MOS transistors and to obtain a temperature compensation 
effect. A resistor is required to generate a reference voltage as shown in Fig. 1, and a high 
15 resistance should be used to minimize the current consumption of the circuit. 

For example, if an external voltage EVcc is 5 V, an internal reference voltage Vref 
is 2V, and the current consumption is limited to 1 fiA, the resistance value Rl is: 

R1=(5V-2V)/1//A = 3M£X 
In case that the resistor Rl is a passive resistance device such as an intrinsic poly- 
20 Si layer, an N + /P + active layer, an N7P" well layer, etc., the same problems as mentioned 
above occur in the reference voltage generating circuit in Fig. 1. 

Fig. 2 illustrates a conventional current mirror type reference voltage generating 
circuit having a passive resistance device. 
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In the reference voltage generating circuit in Fig. 2, the voltage between the gate 
and source of an NMOS transistor Q7 is designed to be equal to its threshold voltage Vt. 
In this case, assuming that the current flowing in a resistor R is 0.5 jaA, the resistance 
value R becomes: 

R = Vt/0.5 nA 
and, for example, R= 1 A MQ when Vt = 0.7V. 

However, in the reference voltage generating circuit in Fig. 2, if a passive 
resistance device such as an intrinsic poly-silicon layer, N + /P + active layer, an N7P~ well 
layer, etc. is used for the resistance R, the reference voltage generating circuit has the 
same problems as mentioned above. 

Although, compared with the reference voltage generating circuit in Fig. 1, the 
reference voltage generating circuit in Fig. 2 may be less affected by an external bias, the 
circuit in Fig. 2 needs a separate start-up circuit because its voltage characteristic may be 
degraded when its power voltage is turned on. 

Examples of the reference voltage generating circuits employing passive 
resistance devices and current mirror circuits can be found in Korean Patent Laid Open 
95-20658, Korean Patent Publication 95-10284, and Korean Patent Laid Open 96-35620. 
An example of the reference voltage generating circuit including a start up circuit is 
described in U.S. Patent No. 5,565,81 1. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a reference voltage generating 
circuit in which active resistance devices are employed instead of passive resistance 



devices. Thereby a setting resistance value can be easily obtained, layout area can be 
minimized, and higher reliability can be secured irrespective of changes in processes. 

To accomplish the above and other objects, a reference voltage generating circuit 
according to a preferred embodiment of the present invention includes an active 
5 resistance part having at least one MOS transistor of which gate electrode receives an 
enable voltage higher than a voltage between drain and source electrodes of the at least 
one MOS transistor, wherein the at least one MOS transistor is connected between an 
external voltage and a ground voltage and is operated in a linear region of a current- 
voltage characteristic curve of the at least MOS transistor. The at least one MOS 
10 transistor may be a single MOS transistor or multiple MOS transistors. 

In another aspect of the present invention, a reference voltage generating circuit 
includes a current mirror circuit having first and second current paths formed between a 
first power source terminal and a second power source terminal in which the current 
mirror circuit is operated in response to a voltage level of the second current path, a 
15 reference voltage output node for providing a reference voltage and being located on the 
second current path, an active resistance device formed on the first current path to be 
operated in a linear region of a current-voltage characteristic curve of the active 
resistance device, and a voltage supply circuit for supplying the active resistance device 
with an enable voltage to control the active resistance device to be operated in the linear 
20 region. The active resistance device may be a single MOS transistor or include multiple 
MOS transistors. 
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Brief Description of The Drawings 

Fig. 1 is a circuit diagram showing a conventional reference voltage generating 
circuit having a passive resistance device; 

Fig. 2 is a circuit diagram showing another conventional reference voltage 
generating circuit having a passive resistance device; 

Fig. 3 is a circuit diagram showing a reference voltage generating circuit 
according to a first embodiment of the present invention; 

Fig. 4 shows the current- voltage characteristic of an active resistance device in the 
reference voltage generating circuit in Fig. 3; 

Fig. 5 is a circuit diagram showing a reference voltage generating circuit 
according to a second embodiment of the present invention; and 

Fig. 6 shows the current-voltage characteristic of an active resistance in the 
reference voltage generating circuit in Fig. 5. 

Detailed Description of Preferred Embodiments 

Preferred embodiments will be explained in detail with reference to the 
accompanying drawings. A detailed description below is provided for a full 
understanding of the present invention. However, one skilled in the art may appreciate 
that the present invention may be practiced without such particulars. In the following 
description, a detailed explanation about the devices and functions well known in this art 
is omitted. 

The preferred embodiments of the present invention described herein may be 
applied to a current mirror type of reference voltage generating circuits. A reference 



voltage generating circuit according to the first embodiment of the present invention will 
be explained referring to Fig. 3 and Fig. 4. 

Fig. 3 is a circuit diagram illustrating a direct current (DC) threshold voltage type 
reference voltage generating circuit having a MOS type active resistance device 
according to the first embodiment of the present invention, and Fig. 4 is a current- voltage 
characteristic curve of the MOS type active resistance device in Fig. 3. 

The reference voltage generating circuit in Fig. 3 includes a reference voltage 
generating part 1 10 and a voltage supply circuit 120. The reference voltage generating 
part 1 10 includes a current mirror circuit 140, a current control part 160, and an active 
resistance part 130. 

The active resistance part 130 includes an NMOS transistor Q12 used as an active 
resistance device. The NMOS transistor Q12 has a gate electrode receiving a higher 
voltage than its drain voltage (i.e., a voltage between drain and source electrodes of the 
NMOS transistor Q12) and is disposed on a first current path II between an external 
power voltage and a ground voltage. The active resistance device Q12 (e.g., NMOS 
transistor) is operated in a linear region of its current-voltage characteristic curve. 

The voltage supply circuit 120 provides a gate input voltage to the NMOS 
transistor Q12 used as an active resistance device. 

In the reference voltage generating part 1 10 in Fig. 3, a reference voltage output 
node 150 is formed on a second current path 12 between the external voltage and the 
ground voltage to output a reference voltage Vref; the current mirror circuit 140 is 
connected to the first current path II and the second current path 12 to be operated in 
response to a voltage level of the second current path 12; the active resistance part 130 is 



formed on the first current path II between the external voltage and the ground voltage to 
be linearly operated by an enable voltage Vrefb, and includes the NMOS transistor Q12 
as an active resistance device. 

The voltage supply circuit 120 provides the enable voltage Vrefb to the NMOS 

5 transistor Q12 used as the active resistance device. The voltage supply circuit 120 

includes a PMOS transistor Q13 and a plurality of NMOS transistors Q14-Q16 to supply 
the enable voltage to the gate of the NMOS transistor which is connected to a contact 
node between the PMOS transistor Q13 and the NMOS transistor Q14. Here, the enable 
voltage Vrefb should be higher than a drain voltage of the NMOS transistor Q12 used as 

10 the active resistance device. The reason is that the NMOS transistor used as the active 
resistance device should be operated in the linear region of the current- voltage 
characteristic curve shown in Fig. 4. 

Also, the current control part 160 includes NMOS transistors Qll, Q10 which are 
respectively formed on the first current path II and the second current path 12 to control 

15 current flowing in the first and second current paths. The current mirror circuit 140 
includes, for example, a pair of PMOS transistors Q8, Q9. 

A detailed description of the structure of the reference voltage generating circuit 
in Fig. 3 follows. 

In the current mirror circuit 140, the external voltage EVcc is applied to the 
20 sources of the PMOS transistors Q8 and Q9. The gate of the PMOS transistor Q9 is 
connected to the gate and drain of the PMOS transistor Q8. The drain of the PMOS 
transistor Q8 is connected to the drain of the NMOS transistor Qll. The drain of the 
PMOS transistor Q9 is connected to the gate of the NMOS transistor Ql 1 and the drain of 
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the NMOS transistor Q 10. The source of the NMOS transistor Q10 is connected to the 
ground. The reference voltage output node 150 is formed between the drain of the PMOS 
transistor Q9 and the drain of the NMOS transistor Q10. 

In the active resistance part 130, the drain of the NMOS transistor Q12, which is 
used as an active resistance device, is connected to the gate of the NMOS transistor Q 10 
and the source of the NMOS transistor Qll. The source of the NMOS transistor Q12 is 
connected to the ground. The gate of the NMOS transistor Q12 receives from the power 
supply circuit 120 the enable voltage Vrefb which is higher than the drain voltage of the 
NMOS transistor Q12, so that the NMOS transistor Q12 is operated in the linear region. 

In the voltage supply circuit 120, the drain voltage of the PMOS transistor Q8 in 
the current mirror circuit 140 is provided to the gate of the PMOS transistor Q13. And, 
the external voltage (EVcc) is provided to the source of the PMOS transistor Q 13. The 
source of the PMOS transistor Q13 is connected to the gate of the PMOS transistor Q13. 
The drain of the PMOS transistor Q13 is connected to a set of NMOS transistors, for 
example, three NMOS transistors Q14-Q16. In particular, the drain of the PMOS 
transistor Q13 is connected to the drain and gate of the NMOS transistor Q14, the drain 
and gate of the NMOS transistor Q 15 are connected to the source of the NMOS transistor 
Q14, the drain and gate of the NMOS transistor Q16 are connected to the source of the 
NMOS transistor Q15, and the source of the NMOS transistor Q16 is connected to the 
ground voltage. 

The gate of the NMOS transistor Q12 is connected to the drain of the PMOS 
transistor Q13 and the drain of the NMOS transistor Q14. Two current paths II, 12 are 
formed between the external voltage EVcc and the ground voltage, as shown in Fig. 3. 



Now, a detailed description of the operation of the reference voltage generating 
circuit in Fig. 3 follows. 

First, the operation of the reference voltage generating part 110 will be explained. 
The transistors Q8 and Q9 of the current mirror circuit 140 are operated in a saturation 
5 region of the current -voltage characteristic curve in Fig. 4. The NMOS transistors Q10 
and Ql 1 used to control current flowing in the first current path II and second current 
path 12 are also operated in the saturation region. Since the PMOS transistors Q8 and Q9 
serve as a current mirror, the current flowing in the first current path II and the current 
flowing in the second current path 12 are equal to each other. If the current flowing in 

y 10 either the first or second current path II or 12 is denoted as "I", a voltage applied to the 

Trl gate of the NMOS transistor Q 1 0 becomes: 

M I*Req 

IB where "Req" is an effective resistance of the NMOS transistor Q12. 

^ Therefore, the reference voltage generating part 1 10 at an operating point satisfies 

f 1 15 the following mathematical formula 1 . 



[formula 1] 



I-Req = Vgsl=Vt+[2I/ nC 0 x(W 2 /L 2 )] 1/2 



where "Vt" is a threshold voltage of the MOS transistor Q10. 
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In the formula 1, if the value W2/L2 of the NMOS transistor Q10 increases, the 
formula 1 can be converted into the following simple formula 2. 

[formula 2] 

5 I-Req-Vgsl - Vt 

When the NMOS transistor Q12 used as an active resistance device is operated in 
the linear region, the relationship between current flowing in and voltage applied to the 
NMOS transistor Q12 is linearized. Therefore, the resistance has the same current- 
10 voltage characteristic as shown in Fig. 4. 

At the boundary region between the linear region and the saturation region of the 
NMOS transistor Q12, the following relationship is satisfied: 

Vdsl=Vgsl-Vt = 3Vt-Vt 
Therefore, the gate voltage Vgsl of the transistor Q12 should be higher than 2Vt in 
15 order for the transistor Q12 of the active resistance device to be operated in the linear 
region, as shown in Fig. 4. 

Next, the operational characteristic of the voltage supply circuit 120 for supplying 
a gate voltage of the NMOS transistor Q12 of the active resistance device will be 
described. The gate voltage of the PMOS transistor Q13 is the same as the gate and drain 
20 voltage of the PMOS transistor Q8, and the voltage value is equal to "EVcc - Vthp" (here, 
Vthp is a threshold voltage of the PMOS transistor Q13). Therefore, the voltage Vgsl3 
between the gate and source of the PMOS transistor Q13 is kept constant. The drain of 
the PMOS transistor Q13 is connected to the drain of the NMOS transistor Q14. 
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In the voltage supply circuit 120, the voltage at node C is equal to a sum of the 
threshold voltages of the MOS transistors (or diodes) Q14, Q15, Q16. Assuming that an 
increase in the threshold voltages of the transistors Q14-Q16 caused by their body effect 
may be ignored, the voltage at the node C (i.e., the enable voltage Vrefb) becomes M 3 Vt" 

5 when each of the threshold voltages of the transistors Q14-Q16 is "Vt". Here, the 

number of the NMOS transistors (or diodes) that are connected in series to the drain of 
the PMOS transistor Q13 is not fixed but variable. For instance, if the number of the 
NMOS transistors serially connected to the PMOS transistor Q13 is four (4), the voltage 
at the node C becomes ,1 4Vt". 

10 The voltage at the node C is provided as the enable voltage Vrefb to the gate of 

the NMOS transistor Q12 that serves as an active resistance device of the reference 
voltage generating circuit. In case that the number of the NMOS transistors in the voltage 
supply circuit 120 are three (3), the gate voltage of the NMOS transistor Q12 is "3Vt", 
and the voltage between the drain and source of the NMOS transistor Q12 is "Vt". 

15 Therefore, the NMOS transistor Q12 is operated at the linear region and has the same 
current-voltage characteristic as that of a passive resistance device. 

Next, the reference voltage generating circuit according to the second 
embodiment of the present invention will be explained with reference to Figs. 5 and 6. 

Referring to Fig. 5, a reference voltage generating circuit according to the second 

20 embodiment of the present invention includes multiple active resistance devices. There 
may be a difficulty in obtaining a suitable resistance value in the reference voltage 
generating circuit having one active resistance device as shown in Fig. 3. In this case, the 
reference voltage generating circuit may employ multiple active resistance devices as 
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shown in Fig. 5. As an example, the reference voltage generating circuit in Fig. 5 has "n" 
NMOS transistors Q21-Q2n as the multiple active resistance devices, which are 
connected in series between a current control part 260 and the ground, and of which gates 
are commonly connected to the node C in a voltage supply circuit 220 to receive an 
enable voltage Vrefb. 

A detailed description of the parts in Fig. 5 equivalent to those in Fig. 3 will be 
omitted to avoid duplication. For example, the voltage supply circuit 220, the current 
mirror circuit 240, and the current control part 260 in Fig. 5 may be functionally and/or 
structurally equivalent to those (i.e., 120, 140 and 160) in Fig. 3, respectively. 

In the reference voltage generating circuit in Fig. 5, if a set of the NMOS 
transistors Q21-Q2n is denoted as "Qleffective", the boundary voltage between the 
linear region and the saturation region of the set of the NMOS transistors (Ql_effective) 
becomes: 

Vgsl_effective - Vthl_effective. 

In this case, the boundary voltage of the active resistance part 230 in Fig. 5 is 
higher than that of the active resistance part 130 in Fig. 3. Thus, the reference voltage 
generating circuit in Fig. 5 may have more secured operation in the linear region. 

Referring to Fig. 6, the current-voltage characteristic curve shows that the active 
resistance part 230 with multiple active resistance devices has larger linear region (A02) 
than that (A01) of the active resistance part 130 with one active resistance device. In 
other words, the active resistance devices (e.g., NMOS transistors) of the reference 
voltage generating circuit in Fig. 5 may perform stable operation at the linear region. 



As described above, the reference voltage generating circuit according to the 
present invention employs active resistance devices in lieu of passive resistance devices 
used in the conventional circuits, so that the current consumption in the reference voltage 
generating circuit can be reduced. 

Although having described the preferred embodiments of the present invention, 
modifications and variations may be readily made by those skilled in the art in the light of 
the teachings of the present invention. Accordingly, the scope of the present invention 
should not be limited to the explained embodiments but determined by the following 
claims. 
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